INTRODUCTION Ellipsometry h a s seen increased u s e durinq t h e l a s t few y e a r s t o study o x i d a t i o n processes under u l t r a -h i g h vacuum c o n d i t i o n s / 1 , 2 , 3 , 4 / and most of t h e s e s t u d i e s concerned t h e growth of s i n g l e c r y s t a l oxides. I n t h e c a s e o f t h e o x i d a t i o n
of t h e Be(0001) s u r f a c e , however, a s i n g l e c r y s t a l oxide does n o t form a t room temperature. Only a t highkr temperatures w i l l t h e oxide grow a s a s i n g l e c r y s t a l . This allows convenient study of both c r y s t a l l i n e and p o l y c r y s t a l l i n e o x i d a t i o n .
The Be-0 i n t e r a c t i o n has been c a r e f u l l y s t u d i e d r e c e n t l y with e l e c t r o n s p e c t r o s c o p i e s /5,6/. Previous e l l i p s o m e t r i c s t u d i e s of beryllium /7,8/, however, have been of evaporated Be f i l m s and have n o t involved a c a r e f u l examination of t h e o x i d a t i o n process. W e have examined t h e o x i d a t i o n o f t h e (0001) s u r f a c e of a B e s i n g l e c r y s t a l using ellipsometry i n conjunction w i t h Auger E l e c t r o n Spectroscopy (AES) and Low Energy Electron D i f f r a c t i o n (LEED). Since e l e c t r o n beams have been shown /5/ t o a l t e r t h e r a t e of o x i d a t i o n of Be(0001), t h e use of e l l i p s o m e t r y , t o g e t h e r w i t h LEED and AES, allows a more complete and a c c u r a t e d e s c r i p t i o n of t h e o x i d a t i o n process.
EXPERIMENTAL
A beryllium s i n g l e c r y s t a l was spark c u t along t h e (0001) f a c e and mechanically polished. The sample was placed i n an u l t r a -h i g h vacuum chamber (base p r e s s u r e 1 x loe9 t o r r ) equipped with LEED and AES. The chamber was mounted over a Gaertner Lll9X r o t a t i n g aualyzer e l l i p s o m e t e r with a Helium-Neon l a s e r source ( h = 6328 8).
The e l l i p s o m e t e r was i n t e r f a c e d t o a PUP 11/03 computer system f o r d a t a a q u i s i t i o n and a n a l y s i s allowing a c q u i s i t i o n o f about one ('?,A) d a t a p o i n t p e r second.
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JOURNAL DE PHYSIQUE
The Be s u r f a c e was cleaned i n s i t u by argon i o n bombardment a t 2 kev and annealed a t about 750 K. The c l e a n l i n e s s of t h e r e s u l t i n g s u r f a c e was monitored by AES .
The sample was aligned t o t h e e l l i p s o m e t e r a t an a n g l e of incidence of about 7 0 . 1 5~. The sample was allowed t o s t a b i l i z e a t t h e d e s i r e d temperature b e f o r e t h e o x i d a t i o n began. This was p a r t i c u l a r l y c r i t i c a l because t h e sample, mounted i n t h e vacuum chamber, moved a s t h e sample and holder changed temperature. Even changes of only a few degrees i n temperature would produce changes i n t h e e l l i p s o m e t r i c parameters comparable t o those seen during t h e o x i d a t i o n . The c l e a n s u r f a c e was analyzed immediately p r i o r t o each o x i d a t i o n t o e s t a b l i s h t h e s u b s t r a t e values f o r and A. Oxygen p a r t i a l p r e s s u r e s were monitored with a Varian VGA-100 quadrupole g a s analyzer.
RESULTS and ANALYSIS
The o p t i c a l c o n s t a n t s f o r s i n g l e c r y s t a l Be0 were determined by examining two Be0 c r y s t a l s i n a i r with ellipsometry. The average r e s u l t s a g r e e w e l l with values c i t e d i n t h e l i t e r a t u r e /9,10/. n = 1.70 f 0.01 k = 0.03 f 0.03
( i ) INITIAL STAGES OF OXIDATION GROWTH Examination o f t h e o x i d a t i o n process w i t h LEED i n d i c a t e d , i n aareement with e a r l i e r work i n t h i s l a b o r a t o r y / 5 / , t h a t a t room temperature t h e oxygen does n o t
form a s i n g l e c r y s t a l oxide on t h e Be(0001) s u r f a c e . A s i n g l e c r y s t a l oxide does form f o r s u b s t r a t e temperatures above 500 K. Oxidations were done both a t room temperature (300 K) and a t 700 K i n o r d e r t o study t h e growth of both s i n g l e c r y s t a l and p o l y c r y s t a l l i n e oxides. The r e s u l t s of t h e s e s t u d i e s a r e shown i n The
e a r l y s t a g e s o f t h e s e two types o f o x i d a t i o n show d i s t i n c t d i f f e r e n c e s i n t h e behavior of t h e e l l i p s o m e t r i c
parameters. Y i n i t i a l l y decreases i n both c a s e s although more s t e e p l y f o r b UJ t h e high temperature case. Around -0.04-400 L exposure 'Y l e v e l s o f f f o r t h e high temperature case. The room -0.06-temperature d a t a , however, shows a s h a r p -0.08-r i s e back up t o approximately t h e i n i t i a l value b e f o r e l e v e l i n g o f f . For i..
A , t h e room temperature d a t a shows a s t e e p e r i n i t i a l drop, followed by a gradual l e v e l i n g o f f . A t high temperature A drops more g r a d u a l l y but a t a c o n s t a n t T=700 K -0.2-r a t e . The exposure s c a l e i n Figure 1 
The i n i t i a l changes i n 'f and h -0.5. cannot be explained simply by t h e growth of a Be0 l a y e r on a Be s u b s t r a t e . Such 
EXPOSURE [LANGMUIRSI growth r a t h e r than t h e observed i n i t i a l decrease i n Y.
A somewhat more r e a l i s t i c model is
Fig. 1 Changes i n Y' and A during t o assume t h a t i n t h e e a r l y s t a g e s of t h e o x i d a t i o n of Be(0001) a t o x i d a t i o n a l a y e r i s formed which i s a 1 x lo-' t o r r of oxygen. mixture of m e t a l l i c Be and of BeO. ~p p l i c a t i o n of t h e e f f e c t i v e medium approximation /12/ t o such a l a y e r , however, f a i l e d t o account f o r t h e i n i t i a l decrease i n Y.
A model which does l e a d t o a decrease i n 'f' was developed by Habraken e t . a l .
/3/; t h i s i s based on a decrease i n t h e f r e e e l e c t r o n d e n s i t y i n t h e upper l a y e r of t h e s u b s t r a t e d u r i n g t h e e a r l y s t a g e s of oxidation. The intraband c o n t r i b u t i o n ( & ' ) t o t h e d i e l e c t r i c c o n s t a n t (E) of a metal can
. . 
be expressed i n terms of a f r e e e l e c t r o n model ( a l s o due t o Drude) /13/
where Nf is t h e number d e n s i t y o f f r e e e l e c t r o n s , m* is t h e o p t l c a l mass o f f r e e e l e c t r o n s ,~ i s t h e r e l a x a t i o n time f o r f r e e e l e c t r o n s and w i s t h e frequency of t h e i n c i d e n t l i g h t .
The observed decrease i n work f u n c t i o n /14/ accompanying t h e chemisorption of oxygen on Be i s c o n s i s t e n t with a s i t u a t i o n i n which oxygen atoms p e n e t r a t e t h e Be s u r f a c e . The f i r s t oxygen atoms may reasonably b e expected t o assume p o s i t i o n s symmetrically r e l a t e d t o t h e Be s u b s t r a t e l a t t i c e . These oxygen atoms would a c t a s t r a p s f o r t h e Be f r e e e l e c t r o n s . Thus, i n t h e e a r l y s t a g e s , b e f o r e enough oxygen accumulates t o form regions of c r y s t a l l i n e BeO, t h e main e f f e c t o f t h e oxygen atoms w i l l be t o reduce t h e f r e e e l e c t r o n d e n s i t y of a region a t t h e t o p of t h e Be subs t r a t e . From equation (1) The s i g n i f i c a n t l y g r e a t e r decrease i n Y a t high temperatures may be p a r t l y r e l a t e
i c c o n s t a n t of t h e m a t e r i a l i n t h i s region. I f we assume t h a t t h e o n l y c o n t r i b u t i o n t o changes i n E i n t h i s d e p l e t e d zone i s from t h e

d t o t h e f a s t e r uptake o f oxygen and f a s t e r d i f f u s i o n i n t o t h e s u b s t r a t e . The d e t a i l s of t h i s s t r u c t u r e , however, have n o t been e s t a b l i s h e d . Although t h e d e p l e t i o n model provides a q u a l i t a t i v e explanation of t h e i n i t i a l changes i n Y and A it may n o t be q u a n t~t a t i v e l y a c c u r a t e ; r e c e n t s t u d i e s of t h e o x i d a t i o n of s i l v e r /2/ and copper /4/ using s p e c t r o s c o p i c e l l i p s o m e t r y have i n d i c a t e d t h a t t h e simple f r e e e l e c t r o n d e p l e t i o n model i s n o t adequate t o
completely e x p l a i n t h e r e s u l t s over a broader range of i n c i d e n t frequencies. atoms would e n t e r t h e l a t t i c e t h a t they would
p r e f e r t o e x i s t i n t h e Be0 w u r t z i t e s t r u c t u r e .
Since t h e Be0 l a t t i c e spacing m t h e (0001)
( 1 11 plane i s about 16% l a r g e r than t h a t of Be, t h e oxygen atoms would have t o r e o r d e r themselves 300 K from symmetric s i t e s i n t h e Be l a t t i c e t o s i t e s 0°" 300 K 300 K compatible w i t h t h e l a r g e r Be0 l a t t i c e . Such a transformation could conceivably occur by a shearing mechanism r a t h e r than by d i f f u s i o n . 2 66 -. The transformed upper l a y e r o f t h e s u b s t r a t e could then b e described a s c o n t a i n i n g r e g i o n s 1 00 --of t r a n s p a r e n t BeO. This sudden change i n t h e ,,,,,, o p t i c a l p r o p e r t i e s of t h e l a y e r would r e s u l t A i n a s h a r p r i s e i n ' f' .
I 31 I n t h e high temperature c a s e , LEED i n d i c a t e s t h a t t h e oxide grows a s a s i n g l e c r y s t a l from 0 66 exposures a s low a s 40 L. The higher temperature should allow t h e oxygen t o d i f f u s e q u i c k l y t o t h e Be0 l a t t i c e s i t e s s o t h a t a s h a r p i n c r e a s e 
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POLICRIITALLlhT i n Y would n o t be seen a t high temperatures.
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From t h i s p o l n t i n t h e growth sequence t h e oxide probably continues t o grow a s Be0 on Fig. 2 Schematic diagram of t h e t h e Be s u b s t r a t e . The observed very gradual changes i n \Y and A during two r i s e i n \Y and decrease i n A a r e c h a r a c t e r i s t i c successive annealing treatments; of t h i s t y p e of growth.
t h e formation of a s i n g l e c r y s t a l occurs during t h e f i r s t anneal.
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